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Background: Primary lumbar fusion (LF) is a treatment option for degenerative disc disease. The 
literature is limited regarding postoperative complications in opioid abusers undergoing LF. The purpose 
of this study was to compare 2-year short term implant-related complications, infection rates, 90-day 
readmission rates, in-hospital length of stay, and cost of care amongst opioid abusers (OAS) and non-opioid 
abusers (NAS) undergoing primary 1- to 2-level primary lumbar fusion (1-2LF).
Methods: A retrospective review was performed using the Medicare Standard Analytical Files from an 
administrative database. Patients undergoing LF were queried using the International Classification of 
Disease, ninth revision (ICD-9) procedure codes 81.04–81.08. Patients who underwent 1-2LF were filtered 
using ICD-9 procedure code 81.62. Inclusion criteria for the study group consisted of patients undergoing 
primary 1-2LF with a diagnosis of opioid abuse and dependency 90-day prior to the procedure. NAS 
undergoing 1-2LF served as controls. Patients in the study group were matched to controls according to age, 
gender, and Charlson-Comorbidity Index (CCI). Two mutually exclusive cohorts were formed and outcome 
measures analyzed and compared were implant complications, infection rates, 90-day readmission rates, 
LOS, and cost of care.
Results: After the matching process 13,342 patients were identified with equal cohort distribution. OAS 
had higher odds implant related complications (OR: 2.78, P<0.001) such as prosthetic joint dislocation 
(OR: 3.83, P<0.001), requiring revision (OR: 2.89, P<0.001), pseudarthrosis (OR: 2.50, P<0.001), and 
spine related infections (OR: 1.58, P<0.001) compared to NAS. OAS had higher 90-day readmission rates,  
(OR: 1.29, P<0.001), higher hospital costs ($143,057.38 vs. $121,450.45, P<0.001), and greater in-hospital 
LOS (P<0.001).
Conclusions: OAS are susceptible to complications following primary 1-2LF. Appropriate patient 
counseling regarding the effects of opioids on lumbar fusion should be given priority to maximize patient 
outcomes. Future studies should investigate the impact of pre-operative opioid abuse versus post-operative 
opioid use.
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Introduction

Lumbar fusion (LF) is a treatment option for degenerative 
disc disease (DDD) in those with signs of instability having 
failed conservative treatment options (1-3). Minimizing 
postoperative complications and attaining excellent patient-
reported outcome measurements (PROMs) is the ultimate 
goal for any surgeon (4). Identification of preoperative 
comorbidities and rectifying modifiable risk factors 
have been shown to directly improve outcomes (5-8).  
Unfortunately, there is a high correlation of patients with 
DDD that rely on opioids for temporary relief (9). In 
addition to its analgesic effect, opioids have been shown to 
negatively impact endocrine, immune, gastrointestinal and 
musculoskeletal systems (10). Opioids are also associated 
with impairing bone density by hindering the synthesis of 
androgens as well as the maturation of osteoblastic precursor 
cells—both of which are vital for bone mineralization (11,12). 
Furthermore, animal studies have shown that opioids delay 
healing following spinal fusion (13). 

Orthopaedic surgeons are the third highest prescribers 
of opioids following internists and dentists (14,15). Results 
from the 2015 National Survey on Drugs and Health, 
an estimated 12.5 million people were found to be non-
prescription opioid users, and an estimated 0.8 million were 
heroin users (16). Findings from the Medicare population 
show an increasing trend in the number of patients being 
diagnosed with opioid abuse or dependency from 2005–2014 
(Figure 1). The literature is limited with respect to evaluating 
the influence of opioid abuse and dependency on orthopaedic 
implant survivability, infection rates, readmission rates, and 
its associated costs following primary LF.

The purpose of this study was to analyze and compare: (I) 
2-year short term implant related complications; (II) 30-day  
infection and wound complication rates; (III) 90-day 
readmission rates; (IV) in-hospital length of stay (LOS); and 
(V) day of surgery and total global 90-day episode of care cost 
amongst opioid abusers (OAS) and non-opioid abusers (NAS) 
undergoing primary 1- to 2-level primary lumbar fusion. We 
hypothesize that following primary 1-2LF OAS will have 
greater odds and incidence of short term implant related 
complications, infection and wound complications, greater in-
hospital LOS and greater care of cost compared to NAS.

Methods 

A retrospective review from 2005–2014 using the Medicare 
Standard Analytical Files of the PearlDiver supercomputer 

(PearlDiver Technologies, Fort Wayne, IN, USA) was 
performed. PearlDiver is compliant with the Health 
Information Portability and Affordability Act (HIPAA) 
and contains the records of over 100 million patients. The 
database contains information such as diagnosis, procedures, 
complications, discharge disposition, in-hospital length of 
stay, cost, reimbursement in addition to other information. 
The study was exempt from the International Review Board 
(IRB) review as PearlDiver does not provide identifiable 
information regarding the patients in the database.

Patients who underwent primary lumbar fusion were 
identified using the International Classification of Disease, 
ninth revision (ICD-9) procedural codes 81.04–81.08. 
Patients undergoing primary 1- to 2-level lumbar fusion 
were filtered using ICD-9 procedural code 81.62. The 
inclusion criteria for the study group consisted of all patients 
with a history of opioid abuse or dependency within 90 days 
prior to 1-2LF. Patients with a BMI <20 kg/m2, chronic 
liver disease, diabetes mellitus, hyperthyroidism, tobacco 
users, alcohol users, osteoporosis, osteopenia, or those who 
use certain medications that have been known to interfere 
with bone mineralization were excluded from our study (17). 
The control group consisted of all patients who underwent 
1-2LF with no history of opioid abuse or dependency. 
Patients in the study group were matched to patients in the 
control group with respect to age, gender, and Charlson-
Comorbidity Index (CCI) to allow for accurate comparison 
between the two groups. 

Two mutually exclusive cohorts were formed and were 
followed for two years following their index procedure. In-
hospital length of stay, 2-year short term implant related 
complications, 90-day readmission rates, 30-day infection 
and wound complications, and day of surgery and total 
global 90-day episode of care costs were compared amongst 
OAS and NAS (online: http://jss.amegroups.com/public/
system/jss/supp-jss.2018.07.07.pdf). 

Descriptive and statistical analysis was performed with 
the programming language R (University of Auckland, 
New Zealand) with univariate analysis calculating odds-
ratios (OR) with their respective 95% confidence interval  
(95% CI), and P. The threshold for statistical significance 
was set at P<0.05. 

Results

After the matching process, 13,342 (female =8,266,  
male =4,960, unknown =116) patients who underwent 
primary 1-2LF were identified, with equal distribution in 
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the study (n=6,671) and control (n=6,671) groups. Both 
cohorts had an average CCI of 4.61±2.61 with a P of 1.00, 
indicating the two groups were statistically identical, and 

were matched appropriately (Table 1). The incidence of 
OAS undergoing primary 1-2LF increased across the study 
period (R2=0.78; P<0.001) with a calculated annual growth 
rate of 3.21% (Figure 1).

OAS undergoing primary 1-2LF fusion had a greater 
incidence and odds of short term implant related 
complications (11.04% vs. 4.29%; OR: 2.61, 95% CI: 2.31–
3.11, P<0.001). Specifically, mechanical complications of 
the internal orthopedic device (6.71% vs. 2.62%; OR: 2.67, 
95% CI: 2.23–3.19, P<0.001), and pseudarthrosis (1.55% 
vs. 0.59%; OR: 2.50, 95% CI: 1.74–3.58, P<0.001). Due to 
these complications, OAS abusers were at greater odds of 
requiring a refusion procedure (2.10% vs. 0.73%; OR: 2.89, 
95% CI: 2.08–4.01, P<0.001) within 2-year following the 
index procedure (Table 2). Furthermore, OAS undergoing 
primary 1-2LF had greater incidence and odds of developing 
short-term infection and wound related complications 
(3.41% vs. 2.17%; OR: 1.58, 95% CI: 1.28–1.96, P<0.001) 
compared to NAS. Opioid abusers were more susceptible to 
developing a non-healing surgical wound (0.22% vs. 0.16%; 
OR: 2.27, 95% CI: 1.11–4.63, P=0.023), seroma (0.61% vs. 
0.31%; OR: 1.95, 95% CI: 1.15–3.31, P=0.012), and other 
postoperative infections (2.29% vs. 1.41%; OR: 1.64, 95% 
CI: 1.26–2.12, P<0.001) (Table 3). OAS were also found to 
have greater in-hospital LOS compared to NAS (5.11±7.81 
vs. 4.57±5.53; P<0.001) as well as greater odds of 90-day 

Figure 1 Annual trends of opioid abusers and non-opioid abusers undergoing primary 1- to 2-level lumbar fusion within the medicare 
population from 2004–2015. 
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Table 1 Demographic breakdown of age, gender, and Charlson-
Comorbidity Index (CCI) of patients undergoing primary 1- to 
2-level lumbar fusion with and without a diagnosis of opioid abuse 
in the medicare population 

Demographics Population size (%) P

Age –

<64 9,738 (73.0)

65–69 1,914 (14.3)

70–74 930 (7.0)

75–79 426 (3.2)

80–84 180 (1.3)

>85 38 (0.3)

Unknown 116 (0.9)

Gender –

Female 8,266 (62.0)

Male 4,960 (37.1)

Unknown 116 (0.9)

CCI 4.61±2.61 1.00
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Table 2 Comparison of 2-year implant related complications amongst opioid abusers and non-opioid abusers undergoing primary 1- to 2-level 
lumbar fusion within the medicare population

Complications Opioid abuse % Control % OR 95% CI P

Refusion of lumbar and lumbosacral spine 2.10 0.73 2.89 2.08–4.01 <0.001

Mechanical complication of internal orthopedic device 
implant and graft

6.71 2.62 2.67 2.23–3.19 <0.001

Pseudarthrosis 1.55 0.59 2.50 1.74–3.58 <0.001

Other complications due to internal joint prosthesis 0.42 0.19 2.15 1.11–4.17 0.022

Mechanical loosening of prosthetic joint 0.26 0.16 1.63 0.77–3.47 0.197

Total 11.04 4.29 2.61 2.31–3.11 <0.001

OR, odds ratio; CI, confidence interval.

Table 3 Comparison of 30-day infection and wound complications rates amongst opioid abusers and non-opioid abusers undergoing primary 1- 
to 2-level lumbar fusion within the medicare population

Wound complications Opioid abuse % Control % OR 95% CI P

Non-healing surgical wound 0.22 0.16 2.27 1.11–4.63 0.023

Seroma 0.61 0.31 1.95 1.15–3.31 0.012

Other postoperative infections 2.29 1.41 1.64 1.26–2.12 <0.001

Disruption of external operation 
(surgical) wound

0.29 0.29 1 0.53–1.86 1.00

Total 3.41 2.17 1.58 1.28–1.96 <0.001

OR, odds ratio; CI, confidence interval.

readmission rates (OR: 1.29, 95% CI: 1.18–1.40, P<0.001) 
(Tables 4,5). Day of surgery costs were higher in OAS 
($143,057.38±$128,353.26 vs. $121,450.45±$108.249.77; 
P<0.001) compared to NAS. Similarly, 90-day total costs of 
care were higher in the opioid abuser group in comparison 
to non-opioid abuser group ($165,306.00±$158,542.62 vs. 
$135,867.60±$130,306.90, respectively) (P=0.788), but no 
statistical significance was found (Table 5).

Discussion

Opioid abuse and dependence are a nationwide concern, 
and addiction and abuse potential of these medications is 
greater than other medications (18-21). Currently, there 
is limited literature on the effects opioids have on implant 
survivability along with infection and wound complications 
following primary 1- to 2-level lumbar fusion. The 
study demonstrated that opioid abuse and dependency 
to be a potentially modifiable risk factor associated with 
suboptimal postoperative outcomes in patients undergoing 

primary 1- to 2-level lumbar fusion. The cohort of opioid 
abusers had higher odds and incidences of implant related 
complications, infections and wounds, in-hospital length of 
stay, 90-day readmission rates, total cost of care the day of 
surgery.

Sing et al. presented similar findings, where 6.89% of 
their patients consuming either short-acting or long-acting 
opioids prior to orthopaedic surgery subsequently went 
onto developing superficial infections in addition to other 
wound infections; whereas patients in the control group had 
no wound- or infection-related complications (22). 3.44% 
of the patients consuming opioids developed complications 
related to wound and infections and subsequently required 
a revision procedure (22). Recent studies have shown that 
opioids induce an immunosuppressive state by negatively 
affecting macrophage and T-cell function by decreasing the 
maturation of macrophage progenitor cells, which serve as 
the first line of defense against foreign pathogens. Another 
study implicated that morphine acts on the Fcy receptors 
on macrophages affecting the migration and phagocytic 
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Table 4 Comparison of 90-day readmission rates amongst opioid abusers and non-abusers undergoing primary 1- to 2-level lumbar fusion in the 
medicare population

Time interval Opioid abuse % Control % OR 95% CI P

90-day 16.6 12.8 1.29 1.18–1.40 <0.001

OR, odds ratio; CI, confidence interval.

Table 5 Length of stay and average day of surgery charges and reimbursements comparison in opioid abusers and non-opioid abusers undergoing 
primary 1- to 2-level lumbar fusion in the medicare population

Variables Opioid abuse (SD) Control (SD) P

Mean LOS, days 5.11±7.81 4.57±5.53 <0.001

Day of surgery

Charges (SD) $143,057.38 ($128,353.26) $121,450.45 ($108,249.77) <0.001

Reimbursement (SD) $34,212.50 ($25,944.58) $29,209.23 ($22,861.42) <0.001

SD, standard deviation; LOS, length of stay.

capabilities (23-26). The increase in wound complications 
seen in this cohort could explain the need for revision 
surgery in opioid abusers following primary 1-2LF. 

Furthermore, opioids have an antagonistic effect on bone 
density via two methods. Opioids act on the hypothalamic-
pituitary axis and decrease synthesis of androgen hormones 
which are vital for proper bone mineralization (12,27-29).  
Secondly, opioids indirectly impair the maturation of 
osteoblastic cells, which are vital for bone formation (11,12). 
Furthermore, long-term use of opioids for the treatment 
of pain has shown to impair normal cognition and motor 
function. In a study by Kerr et al. it was found infusion of 
morphine to normal plasma concentrations led to significant 
impairments. Their study found processing time of verbal 
commands increased and being able to maintain low 
consistent levels of force also decreased. Additionally, long-
term opioid use has been shown to lead to development 
of dizziness and sedation that can lead to consequences 
such as falls and fractures (10). The compounding insult of 
decreased bone mineralization and increased susceptibility 
to falls may explain the dislocation of prosthetic joints, 
mechanical complications, and mechanical loosening in 
opioid abusers undergoing primary 1-2LF. 

Due to these adverse events it can be conjectured that those 
with opioid dependence undergoing spine surgery would 
have higher total cost of care compared to those without this 
diagnosis. Waljee et al. found that opioid abusers undergoing 
abdominal surgery incurred greater costs of care due to having 
longer hospital stays (2.9 vs. 2.5 d, P<0.001) and increased 

likelihood of being discharged to a rehabilitation facility (3.5% 
vs. 2.5%, P<0.001) Additionally, 30-day readmission rates were 
greater in opioid abusers (4.5% vs. 3.6%, P<0.001) compared 
to non-abusers. 90-day cost of care was also found to be higher 
in opioid abusers ($12,036.60 vs. $3,863.40, P<0.001), which 
was consistent with our findings (29). 

Opioid-related adverse events such as constipation, 
emesis, and confusion can result in an increased length of stay 
(LOS) for all patients. Cozowicz et al. found patients a direct 
correlation of cost of care with opioid prescription dosage. 
Patients in the high-consuming group of ≥370 mg/day  
had an average cost of $21,734 compared to patients in the 
low-consuming group, >0–130 mg/day who had an average 
cost of $15,091 (P<0.001) (30).

Despite the many strengths from a large national database, 
there are limitations inherent to these administrative data 
systems. The current study was constructed by utilizing ICD-9  
codes, which were not developed for the use of research 
purposes and are subject to human error (31). ICD-9  
coding is also prone to significant inaccuracies that can 
diminish the research-quality data. While the use of large 
databases are prone to selection bias, utilizing the random 
matching process of populations would help to rectify any 
potential bias in this study’s methodology (32). The strength 
of this study was controlling for covariates which may have 
potentially been present in the study group and control 
group. Excluding these covariates and matching both groups 
randomly increased the validity of this study and reduced 
potential bias. 
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Conclusions

This study illustrated opioid abusers having increased 
complication rates related to postoperative implant failures, 
infection and wound complications, 90-day readmission 
rates, and cost of care following primary 1-2LF. The results 
should motivate surgeons to optimize their patients prior 
to undergoing spine surgery as opioid use is a modifiable 
comorbidity. Proper counseling and educating patients of 
potential risk factors following surgery may help in reducing 
the number of opioids consumed by patients. Future 
prospective studies should evaluate the surgical outcomes of 
those with preoperative opioid dependence who have been 
weaned from opioid use compared to those who were not 
able to cease opioid usage prior to lumbar surgery.
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